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An exploratory investigation to obtain a survey of zhe flying 
characteristics at low speeds of moiels with low— aspect— ratio delta 
wings has been conducted in the Langley free— flight tunnel. Four 
models having triangular plan— form wings with 53^, ^3^, and 

83^ sweepback arui five models having these same wings with the tips 
cut off zo give taper ratios of 0.5 or 0.2 were used in this 
investigation. 

It was found that the stability and control characteristics of 
the models with 53 ^ or 63^ sweepback and aspect ratios of 2 or 3 
were fairly good. The power-off glide angles, however, were very 
steep at high lift coefficients. The flight characteristics of the 
models with 76^ or 83^ sweepback or aspect ratios of 1 or less were 
unsatisfactory because of unstable rolling oscillations at high lift 
coefficients or because of excessive changes in static longitudinal 
stability over the lift range. 


INTRODUCTION 


Recent research has indicated that increases in sweepback will 
increase the critical speed of a wing and thereby increase the speed 
at which compressibility effects may cause a pronounced drag rise or 
stability troubles. Below the speeds at which con^Dresslbility effects 
occur, however, the use of sweepback has Introduced new stability 
problems in the high lift— coefficient range. It has been shown In 
references 1 and 2 that, in order to have satisfactory longitudinal 
stability at high lift coefficients with a sweptback wing, it is 
necessary to have low aspect ratio, but the low-aspect-ratio sweptback 
wings generally have high effective dihedral at high lift coefficients 
and are thus subject to poor Dutch roll stability. An investigation 
of the low— speed aerodynamic characteristics of low— aspect-ratio wings, 
reference 3^ indicated that some delta wings (wings having roughly 
triangular plan form with a sweptback leading edge and straight 
trailing edge) might have fairly good low-speed stability charac- 
teristics. Some unpublished results on measurements of the drag of 
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snail models at supersonic speeds have Indicated that the drag of delta 
wings might he lower than that of constant^hord aweptback wings for 
sweep angles less than 65°. The delta wing also seems to have sonae 
structural advanteige over the constant— chord sweptback wing. In 
general, therefore, delta wings seem to deserve some consideration 
for use on high-speed airplanes. 

Although the static stability characteristics of the delta wings 
presented in reference 3 indicated that some of the wings might have 
reasonably good flight behavior, the damplng-ln— roll derivatives were 
out of the normal range and some of the other stability derivatives 
were not known. Hence accurate estimates of the flight behavior could 
not be made. An investigation has been made in the Langley free-flight 
tunnel, therefore, to study the flying characteristics of some models 
with low-aspect— ratio delta wings. This investigation was of an 
exploratory nature and was Intended only to provide a preliminary survey 
of the flying characteristics of delta wings over a range of sweep 
angles to determine whether a detail study of delta wings is justified. 

Four triangular wings having a reuige of sweep angles between 53° 
and 83° were tested, and each of these wings was also tested with the 
wing tips cut off to give a taper ratio of 0.5. The 53° swept wing 
was also tested with a taper ratio of 0.2. Inasmuch as these teste 
were exploratory, the nodels were tested as simple flying wings with a 
vertical tall but with no horizontal tall or fuselage. 


SYMB0I5 


W 


weight of model, pounds 


S 


wing area, square feet 


vortical tall area, square feet 


b 


wing span, feet 


c 


wing mean aerodynamic chord, feet 


V 


airspeed, feet per second 


dynamic pressure, pounds per square foot 



A 


aspect ratio 
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sweepback of leading edge, degrees 
tap,r ratio ( 


radius of gyration of model about principed. longitudinal 
axis of inertia, feet 

radius of gyration of model about principal lateral axis 
of inertia, feet 

radius of gyration of model about principal normal axis 
of inertia, feet 

rolling angular velocity, radians per second 
mass density of air, slug per cubic foot 
angle of attack, degrees 
angle of sideslip, degrees 

elevon deflection, degrees, subscripts r and I denote 
right and left elevon deflection, i^spectively 

inclination of principal longitudinal axis of inertia 
relative to longitudinal body axis, degrees, positive 
when forward end of principal axis is above longitudinal 


body axis 


lift coefficient 



V qsy 

drag coefficient 

/^Drag^ 

Ws / 


lateral— force coefficient 




Lateral force 


qS 




pitching— moment coefficient mome n^ 

V qSc / 

rolling-moment coefficient 


'n 


yawing-moment coefficient 




qSb 

Yawing moment 
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AC 






maxlnoun lift coefficient 

change of rolling-^noInent coefficient produced hy elevens 
as ailerons 

change of yawlng-HBOinent coefficient pjroduced hy elevens 
as ailerons 

rate of change of latereLL-force coefficient with angle of 
sideslip in degrees 


(?) 


rate of change of rolling-inoinent coefficient with angle of 
sideslip in degrees I : 

rate of change of yawlng-ffloment coefficient with angle of 
sideslip in degrees 



© 


rate of change of rolllng-Bioment coefficient with rolling 


velocity factor in radians 


ac 




APPARATUS AND TESTS 


The present investigation consisted of tests in the Langley free- 
flight tunnel, which is described in reference h, to determine the 
stability and control characteristics of each of the nine models shown 
in figures 1 to 9 . The models were simple flying-wing models with a 
vertical tall at the trailing edge of the wing but with no fuselage or 
horizontal tall. The airfoil used on the wings was a flatA-plate type, 
a sketch of which is shown in figure 10. This airfoil was used because 
it was sin 5 )le to build and because, at low scale, the aerodynamic 
characteristics of delta wings have been found to be virtually independ- 
ent of the airfoil section. This characteristic was indicated by 
comparison of the delta-^lng data from reference 3 with some unpublished 
German data on a similar series of delta wings with NACA 0012 profiles 
and with sons unpublished data on a 60 ° sweptback delta wing with an 
NACA OOiySk airfoil. 

The control sixrfaces were constant— chord plain flaps at the 
trailing edge of the wing. These surfaces were of the type generally 
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called elevens; that is, the two surfaces were deflected up and down 
together to serve as elevators and were deflected differentially to 
serve as al lerons . 

The vertical tails used on the models varied in size but were 
geometrically similar having an aspect ratio of 2, taper ratio of O. 5 , 
and no sweep of the O .5 chord line. The vertical tail arrangements 
used on each of the models are illustrated in figures 1 to 9* These 
arrangements consisted of a single tall in the plane of symmetry on 
all of the models except model 2. This model was the first one tested 
and used a single tall in the plane of symmetry or two of these tails 
at the wing tips which doubled the tall area. Model 2 was the only 
one equipped with a movable rudder. 

Inasmuch as the present investigation was of Ein exploratory nature 
and there was no precedent to indicate what mass characteristics the 
models should have, the models were simply ballasted to obtain either 
of the two center-of— gravity positions which wei^ used during the tests. 
No attempt to adjust the weight or moments of inertia was made . The 
mass characteristics of the models, given in figures 1 to 9> were 
measured when the models were ballasted for the rearward of the two 
center-of-gravlty positions which were used dxirlng the tests. This 
rearward center-of-gravity position is shown on the figures. 

Photographs of two of the models flying in the test section of 
the Langley free— flight tunnel are shown as figure 11. 

Each of the models was flight— tested over as wide a range of 
lift coefficient as possible with two center-of-gravlty positions enri 
with various vertical tall eirrangements in order to determine quali- 
tatively the stability and control characteristics and the general 
fll^t behavior. General flight behavior is the term used to describe 
the over-all flying chaoracterlstics of a model and indicates the ease 
with which the model can be flown, both for straight and level flight 
and for performance of the mild maneuvers possible in the Langley 
free— flight timnel. Any abnormal characteristics of the model are 
generally Judged as xinsatisfactory general flight behavior, inasmuch 
as they are disconcerting to the free— flight- tunnel pilots.- In 
effect, then, the general flight behavior is much the same as the 
pilot's opinion or "feel” of an airplane and indicates whether 
stability and controllability are properly proportioned. 

All the flight tests were made in power-off gliding flight . 

The range of lift coefficient which could be covered in flight tests 
was limited by the maximum speed of the tvumel which determined the 
lowest possible lift coefficient. The highest lift coefficient was 
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determined by the stall, by maximum glide angle of the tunnel, or by 
poor flying characteristics. The two center-of-gravity positions 
corresponded to approximately O.O5 ani 0.10 static margin at moderate 
lift coefficients ~ 0.6^. 

Force tests of each of the models were made to determine the 
static stability and control characteristics over the entire speed 
range. All of the forces and moments were measured with reference to 
the stability axes which are shown in figure 12 and to the rearward 
center'— of— gravity positions which are shown in figures 1 to 9 • The 
values of the stability derivatives and Cn^ were 

determined from force tests made at angles of yaw of 5° atid —5° . 

All the force tests were made at a dynamic pressure of 3*0 pomids per 
sq.uare foot which gave values of Reynolds number from U02,000 
to 1,156,000 based on the mean aerodynamic chords of the wings. 

Tests were made to determine the damping— in-roll parameter 

for models 1 and 5 hy the method described in reference 5* The 
values of Ci for the other models were available and were taken 

from reference 3* 


RESULTS AND DISCUSSION 
Interpretation of Results 


The I'esults of the force tests of some of the wings tested have 
been compared with some unpublished data on a delta wing having 
60° sweepback which was tested in the Langley full-scale tiumel. 

The full-scale wing had a sharp leading edge which tended to produce 
the same type of flow as that encountered at low scale . Good agree- 
ment was obtained between the lift, drag, and static stability 
characteristics of the low-scale models and. the full-scale wing with 
a shaup leading edge. The results of the present low-scale flight 
tests of delta wings, therefore, should give a fairly good Indication 
of the flight characteristics to be expected of full-scale delta 
wings having sharp leading edges and similar mass characteristics. 

The sharp leading edge on the full-scale wing, incidentally, gave 
higher maximum lift veLues than were obtained with a round leading 
edge. Thus it appears that the free-f light-tunnel models simulate 
the more practical case. 

The effects of changes in the mass characteristics on the 
flying characteristics of these delta-wing models were not determined. 
Some unpublished data fi'om free-f light -tunnel tests of heavier 
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delta-wing models have indicated that increases in wing loading of 
two times and increases in moments of inertia of about four times do 
not have an appreciable effect on flying characteristics. 


Presentation of Eesults 

The results of the force tests and damping-ln— roll tests of the 
nine models are presented in figures 1 to 9 where all of the measured 
aerodynamic characteristics of a model are presented in the same 
figure. These figures are placed in the body of the paper along 
with the results and discussion so that the complete results (force 
and. flight) for each model may be presented together. The results of 
the tests are also summarized briefly in table I in order to facili- 
tate a compeirison of the models. This type of presentation has been 
used because it appeared that the tests did not cover enough configu- 
rations to Justify many general conclusions regarding the effects of 
sweep and aspect ratio on the flying characteristics of delta wings. 
Inasmuch as the tests were made with such simplified models^ it does 
not appear that predictions of the flying characteristics of full- 
scale delta-wing airplanes are Justified at the present tlioa. No 
attempt has been made, therefore, to interpret the model results In 
terms of full-scale characteristics. 
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Figure !•- Aerodynamic charaoterletloe of model 1 
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Model 1 


Longitudinal ataMllty and control .— The longitudinal stahillty and control 
characteristics of the model, with either cent«r-of-gravity position, were fairly 
good over the speed range covered in the flight tests ^Cl = 0.20 to 0.8l^. The 

model waB not flown at the stall; however, the force tests indicated that the 
longitudinal stability at the stall would be satisfactory. There was, however, 
some difficulty In establishing trim conditions and flying the models in the 
free— flight tunnel. This difficulty may be due in pajrb to unsteadiness of the 
flow over the wing. Smoke— flow tests on a delta wing in the Langley full-scale 
tunnel have shown that the air going over the wing sepanates from the surface at 
the leading edge of the wing and forms two large vortices which rotate downward 
at the center of the model and upward at the wing tips. This same type of flow 
was observed in flight tests of one of the free— flight-tunnel models with streamers 
of string attached to the upper surface of the wing. 


The principal cause of the difficulty in flying this model, however, was 
apparently the large variation of drag with lift which is generally a character- 
istic of low-espect-ratio swept wings and is shown by the force-test results. 

This large veLrlation of drag with lift caused large variations of glide angle 
with lift coefficient since the trim glide angle is a function of the drag— lift 
ratio. The minimum glide angle occurred at a fairly low* lift coefficient 

~ 0 * 3 ) ^*037 the model Instead of near the stall as with conventional models. 
The response of the model to the elevator control was normal when the model was 
trimmed to fly at lift coefficients below that corresponding to the minimum glide 
single. That is, deflecting the elevator downward increased the glide angle and 
deflecting the elevator upward decreased the glide angle. When the model was 
trimmed to fly at lift coefficients above that corresponding to the minimum 
glide angle, however, the response of the model to the elevator was not normal. 
Deflecting the elevator downward caused the glide angle to become steeper for a 
short time until the speed of the model increased and approached the new trim 
speed. The glide angle then became flatter as the model approached the new trim 
condition. The opposite dynamic behavior followed an upward elevator deflection; 
that is, the glide angle at first was flatter and then became steeper as the new 
trim condition was approached . 


Lateral stability and control .— The lateral stability and control character^ 
Istlcs of the model were good over the speed range covered in the flight tests. 
The force tests indicate that the effective dihedral as measured by the 
parameter -C 7 was slightly negative at the stall. The model was not flown at 
^3 


the stall but experience with conventional models (reference 6) has indicated 
that a small amount of negative effective dihedral is not particularly 
objectionable . 


General flight behavior .- The general flight behavior of the model was 
fairly good. The only difficulty which was encountered was caused by the \musual 
effect of elevator control on glide angle which previously has been described. 

At times this characteristic was very troublesome to the pilot because of the 
difficulty it caused in determining which direction to move the elevator to cause 
the model to move up or down within the tunnel. A brief deflection of the elevator 
caused one effect whereas holding that deflection caused the opposite effect. The 
significance of this response to the elevator for the pilot of the full-scale 
airplane has not been definitely determined, but NACA pilots believed that this 
behavior would be objectionable . 


With no vertical tail, the model could be flown at high lift coefficients 
although the general flight behavior was poor because of insufficient directional 
stability. At low lift coefficients without a vertical tall, however, the 
directional stability was so low that no flights were possible. 


an 
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Figure 3.- Aerodynaolo ohareoterletloe of Bodel 3. 
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Model 2 

Longitudinal staMllty and control .— The longitudinal stability and control 
characteristics of the model, with either center-of-^avlty position, were fairly 
good over the entire speed range = O.I 5 to 0.8Uj. The same objectionable 

variation of glide angle with lift coefficient was encountered, however, as was 
encountered with model 1. These characteristics are discussed In detail for 
model 1 . 

When the center of gravity was In the reajrward position, a maximum lift 
coefficient of 0.84 was obtained with -9^ eleven deflection. Increasing the 
upward elevon deflection above - 9 *^ resulted In a decrease In lift coefficient 
until the stall was reached with — 32 ® elevon deflection. This unusual behavior 
Is Indicated by the pltchlng-moment curves from the force tests and Is a 
characteristic of the tailless configuration which was tested. The longitudinal 
stability of the model at the stall was considered satisfactory. 

Lateral stability and control .— The lateral stability of the model, with 
either vertical tall arrangement, was good over the entire speed range and 
apparently Increased with Inci^aslng lift coefficient. The directional Insta- 
bility at the stall shown by the force tests for the configuration with the 
small tall was not encountered In the flight teste. Apparently deflecting the 
elevens upward for longitudinal trim caused an Increase In the directional 
stability at the stall. 

The lateral control characteristics of the model were good over the speed 
range between lift coefficients of O.I 5 and 0.84 when the elevens alone were 
used for control. As the elevon angle was Increased above that required for 
maximum lift, however, the effectiveness of the elevens In controlling the model 
was reduced until at the stall the elevens were virtually Ineffective . When the 
rudder was used as the sole lateral control, the model could be flown at low and 
moderate lift coefficients but could not be flown at high lift coefficients 
because there was Insiifflclent dihedral effect to roll the model. The force 
tests show this drop In effective dihedral at high lift coefficients. 

The flying characteristics of this model Indicated that It was unnecessary 
to use the rudder when the elevens were used to roll the delta-wing model because 
there was no apparent adverse yawing In a roll with the elevens alone. This 
characteristic may be attributed to the favorable yawing moment due to elevon 
deflection at low lift coefficients shown by the force tests and to favorable 
yawing moments due to rolling at high lift coefficients. It Is shown In 
reference 7 that highly swept wings have favorable yawing moments due to 
rolling at moderate and high lift coefficients. 

General flight behavior .— The general flight behavior of the model was 
fairly good with either center-of -gravity position or vertical tall arrangement. 
The unusual, variation of glide angle with lift coefficient caused the same 
difficulty that was axperlenced with model 1 . 

The reduction In the rolling effectiveness of the elevons with Increasing 
angles of attack above that required for maximum lift was partially compensated 
by the Increase In lateral stability, so that the model could be flown steadily 
although It was not very maneuverable . The model could not be flown at the 
stall, however, because the elevons were virtually Ineffective for rolling the 
model so that the mild roll off at the stall could not be controlled. 

With no vertical tall the model could be flown satisfactorily at high 
lifts, but at low lift coefficients the general flight behavior was unsatisfactory 
for the tall-off configuration because of Insufficient directional stability. 
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Figure 3.- Aerodynamic charaoterletlcs of model 3. 


NACA RM No. L 7 KO 7 


13 


MDdel 3 

Longitudinal stability and control .— The longitudinal stability and control 
characteristics of the model were unsatisfactory because of an excessive 
variation of static longitudinal stability with lift coefficient. This 
variation Is Indicated by the pltchlng-inoment data from the force tests which 
show a change In static margin dCj^/dC^ of about 0.2 over the range of lift 

coefficient. VThen the center of gravity of the model was In the rearward 
position the longitudinal stability wan unsatisfactory at low lift coefficients 
because of low static longitudinal stability. The static longitudinal stability 
Increased with increasing lift coefficient, however, and the longitudinal 
stability was satisfactory at moderate and high lift coefficients. When the 
center of gravity was In the forward i> 08 ltion the model had sufficient static 
longitudinal stability at low lift coefficients, but because of the increase 
In static stability with Increasing lift coefficient, the elevens could not 
trim out the large pitching moments at high lift coefficients and could not 
trim the model to lift coefficients above a value of about O.75. 

In addition to these longitudinal stability and control troubles the 
variation of glide angle with lift coefficient caused the same difficulties 
as were encountered with model 1. These difficulties are discussed In detail 
for model 1. 

The model was not flown at the stall, but the force— test data indicate 
that It was statically stable at the staJLl. 

Lateral stability and control .— The model, with either vertical tall, 
had good lateral stability over the speed range covered In the flight teste 
= 0.21 to 0 . 83 )^ and the stability of the lateral oscillations appeared 

to increase with increasing lift coefficient. 

The lateral control characteristics were good at lift coefficients below 
a value of O.7O. At hl^^er lift coefficients, however, the response of the 
model to the controls was weak. This weakness might be attributed partly to 
the large adverse yawing moments (fig. 3) caused by the short— span, wide— chord 
elevons used on this model. The adverse yawing due to elevons and the high 
effective dihedral of this model evidently caused large rolling moments which 
opposed the elevon rolling moments at high lift coefficients and thus reduced 
the rolling effectiveness of the elevons. 

General flight behavior .— The general flight behavior of the model was 
unsatisfactory because of the excessive variation of static longitudinal 
stability with lift coefficient. This variation caused the model to have 
unsatisfactory longitudinal stability at low lift coefficients when the 
center of gravity was In the rearward position or caused the elevons to be 
inadequate for trimming to high lift coefficients when the center of gravity 
was In the forward position. Although some Intermediate center of gravity 
might give satisfactory flight behavior over the entire speed range, this 
plan form does not seem to be practical for tailless airplanes because of the 
limited allowable centei>-of-gravl ty movement. 

The lateral flight behavior was good at lift coefficients below O.7O but 
was only fair at higher lift coefficients because of the decrease in the 
effectiveness of the lateral controls. 
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Figure 4.- Aerodynaflilo oharaoterletlce of model 4 
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Model U 

Longitudinal ata~blllty and control .— The longitudinal stahllity 
and control characteristics of the model, with either center— of— gravity 
position, were found to be fairly good over the entire speed range 

= 0.10 to 1.06^. The only undesirable longitudinal characteristic 

was the unusual response of the model glide angle to elevator 
deflection. This characteristic has been discussed in detail for 
model 1 which h.ad the same type of behavior. Model U was flown at 
the stall, and its longitudinal stability auid control characteristics 
In this condition were considered fairly satisfactory inasmuch as the 
model was stable and recoveries could generally be made from the 
stalled condition by means of the elevens. 

Lateral stability and control .— The lateral stability of the 
model, with either vertical tail, was fairly good over the entire 
speed range. Although there was a noticeable reduction in stability 
with increasing lift coefficient, the lateral stability appeared to 
be satisfactory for the controls— fixed case. At times, however, when 
there was play In the eleven control system, a small— amplitude, steady 
rolling oscillation was evident at lift coefficients above a value of 
about 0.70. 

The lateral control characteristics of the model were good at 
lift coefficients below a value of 0.75* At higher lift coefficients, 
however, there was noticeable decrease in the effectiveness of the 
controls as the lift coefficient was Increased. At the stall the 
effectiveness of the elevens for rolling the model was too low to 
be satisfactory. 

General flight behavior .— The general flight behavior of the 
model was fairly goo*! . In spite of the fact that the lateral 
stability and control effectiveness decreased with increasing lift 
coefficient, the model was easy to fly at high lift coefficients. 

It was quite steady at high lift coefficients althoiigh it was not 
as maneuverable as might have been desired. There were two objection- 
able points about the flight behavior, however, which should be 
pointed out. Tne unusual response of the mo-del glide angle to 
elevator deflection caused some difficulty, and the low rolling 
effectiveness of the alevons at the stall was definitely objectionable 
because the model could not always be controlled in a stall although 
the roll-off was vei^ slow. 

The general flight behavior of the model was poor when It was 
flown without a vertical tail because of high dihedral effect and 
low directional stability. Tnls combination of factors caused 
excessive yawing so that the rolling moments due to sideslip often 
overpowered those due to the elevens. 
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Figure 5.- Aerodynamic charaoterletloe of model 5 
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Model 5 

Longitudinal stability and control .— The longitudinal stability and control 
characteristics of the model were unsatisfactory because of excessive changes 
In static stability. This same difficulty was enco\mtered with model 3 and. Is 
discussed In detail for that model. In addition to this longitudinal stability 
and control trouble, the unusual variation of glide angle with lift coefficient 
caused the same difficulties as were encountered with model 1. These diffi- 
culties are discussed In detail for model 1. Model 5 vas not flown at the 
stall, but the force— test data indicated that the static longitudinal stability 
at the stall was satisfactory. 


Lateral stability and control .— The model, with either vertical tail, had 
good lateral stability at lift coefficients below 0. 75, but a cons tant-fuapH tude 
lateral oscillation was evident at lift coefficients above O.75. The amplitude 
of this oscillation appeared to increase with increasing lift coefficient to 
an amplitude of about ±10^ bank at a lift coefficient of 1.00. These latereLL 
oscillations appeared to be almost pure rolling oscillations with no evident 
yawing. The motion, however, was probably the familiar Dutch-roll oscillation 
with the rolling predominating in this case because of the relatively large 
values of effective dihedral and small values of rolling moments of Inertia 
and the damping— In— roll parameter • This combination of factors tends to 


cause large rolling motions, and the relatively large values of yawing moments 
of inertia and directional stability tend to suppress the yawing motion. The 
lift coefficient at which the rolling oscillation became unstable wan approxi- 
mately the same as the lift coefficient at which the damping In roll 


became unstable (see fig. 5)* Thus it appears that the constant-amplitude 
rolling oscillations and subsequent rolling instability were caused primarily 
by small or unstable values of danping in roll. 


The lateral control characteristics of the model wore good over the speed 
range covered in the flight tests (Cj = 0.21 to l.OO). There was, however, a 
noticeable reduction in the rolling effectiveness of the elevens with increasing 
lift coefficient above a value of 0.75- This reduction In elevon effectiveness 
was evidently caused by the adverse yawing moments due to elevon deflection 
(shown in fig. 5) which caused appreciable rolling moments due to sideslip 
to oppose the elevon rolling moments. 

/ 

General flight behavior .- The general flight behavior of the model was 
unsatisfactory for several reasons. The vairiation of static longitudinal 
stability with lift coefficient caused the model to have unsatisfactory longi- 
tudinal stability at low lift coefficients when the center of gravity was in 
the rearward position, or caused large pitching moments at high lift coeffi- 
cients which could not be trimmed out by the elevons when the center of gravity 
W6LS in the forward position. The unusual response of the model glide angle to 
elevator deflection was objectionable. The constant-amplitude rolling oscil- 
lation at lift coefficients above a value of 0.75 vaa definitely objectionable. 
The model responded to the controls, however, and could be flown within the 
confines of the tunnel In spite of the fact that the pilot could not stop the 
rolling oscillation. The constanb-amplitude, high-frequency rolling 
oscillation was superimposed on the motions due to the controls. 
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(X CfT) A = I = /0.£6 



Figure 6.- Aerodynamic charaoterlstloe of nodel 6 
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Model 6 

Longitudinal stability ajid control .— Tba longitudinal stability 
and control characteristics of the model, with either center— of-gravity 
position, were fairly good over the speed range covered in the flight 
tests = 0.23 to 0.50^ . The same difficulties In establishing 

trim conditions and flying the model were encountered as were 
encountered with model 1 . The model was not flown at the stall, but 
the force— teat data show static longitudinal instability at the stall. 

Lateral stability and control .— The model had fair lateral 
stability at lift coefficients below 0.32 with either vertical tall. 

A constant-amplitude rolling oscillation similar to that obtained 
with model 5 was encountered at lift coefficients between O.32 
and 0.50. At lift coefficients above O.5O the rolling oscillations 
were unstable and increased in amplitude until the nodel rolled 
completely over. 

The lateral control characteristics of the model were good over 
the speed range covered in the flight tests . 

General flight behavior .— The general flight behavior of the 
model was fair at lift coefficients below O.32 with either vertical 
tall. At higher lift coefficients the general flight behavior was 
poor. The model could not be flown at lift coefficients above O.5O 
because of the unstable rolling oscillation which caused the model 
to roll completely over out of control. The model could not be 
flown without a vertical tall in spite of the fact that the force 
tests showed a fair amount of directional stability. The effective 
dihedral was high in proportion to the directional stability and the 
damping in roll was low. Because of this combination of factors, 
the model would roll off rapidly when it yawed, and the rolling 
moment due to the sideslip generally overpowered that due to the 
elevens so that the model could not be controlled . 
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Figure 7 *- Aerodynamic oharaoterletlca of model 7 * 
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Model 7 

Longitudinal stability and control .— The longitudinal stahlllty 
euid control characteristics of the model, with either cente3>-of-gravlty 
position, were good over the speed range covered In the flight tests 
= 0.12 to 0.28^. This model was not flown at the stall, hut the 

force— test data Indicate static longitudinal Instability at the stall. 

Lateral stability and control .— The model had fair lateral 
stability at lift coefficients below O.18 with either vertical tail. 

A constant— amplitude rolling oscillation slmlleir to that described 
on model 5 was encountered at lift coefficients between O.I8 
and 0.28. At lift coefficients above 0.28 the rolling oscillations 
were luistable as on model 6. 

The lateral control characteristics were good at lift coefficients 
below 0.2k. At higher lift coefficients the lateral control became 
weak. 


General flight behavior .— The general flight behavior of the 
model was fair at lift coefficient below O.I8 with either vertical 
tall. At higher lift coefficients the general flight behavior was 
poor. The model could not be flown at lift coefficients above 0.28 
because of the unstable rolling oscillation. The model could not be 
flown without a vortical tall because of Insufficient directional 
stability. 
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figure d.- Aerodyn*«lo ohareoterlitlce of modOl 8* 
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Model 8 

Longitudinal stability and control .— The longitudinal stability 
and control characteristics of the model, with either center— of-gravity 
position, were good over the speed range covered in the flight teats 
= 0.07 to 0.28^^. This model was not flown at the stall, but the 

force— test data indicate static longitudinal instability at the stall. 

lateral stability and control .— The model had fair lateral 
stability at lift coefficients below O.I8. A constant-amplitxide 
rolling oscillation similar to that of model 5 was encountered at 
higher lift coefficients between O.I8 and 0.28. At lift coefficients 
above 0.28 the rolling oscillations were unstable as on model 6. 

The lateral control characteristics wore good at lift 
coefficients below 0.2U. At higher lift coefficients the lateral 
control became wealc. 

General flight behavior .— The general flight behavior of the 
model was fair at lift coefficients below O.I8. At higher lift 
coefficients the general flight behavior was poor. The model could 
not be flown at lift coefficients above 0.28 because the rolling 
oscillation was unstable. 
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Figure 9 .- Aerodynamic oharacterletloe of model 9 
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Model 9 

Longitudinal stability and control .— The longitudinal stability 
and control characteristics of the model, with either cente]X)f-gravlty 
position, were good over the speed range covered In the flight tests 
= 0.12 to 0.20^. This model was not flown at the stall, but the 

force— test data Indicate static longitudinal Instability at the stall. 

Lateral stability and control .— The model was laterally stable 
at lift coefficients below O.I 7 . A constant— amplitude rolling 
oscillation similar to that obtained with model 5 was encovmtered at 
lift coefficients between O.I 7 and 0.20. At lift coefficients 
above 0.20 the rolling oscillations were unstable as on model 6. 

The lateral control characteristics were good over the speed 
range covered in the flight tests. 

General flight behavior .- The general flight behavior of the 
model was poor at lift coefficients below 0.20. The model rolled 
so rapidly as a result of external disturbances that it was almost 
\inf lyable . At lift coefficients above a value of 0.20 the model 
became unflyable because of the unstable high-frequency rolling 
oscillation. 
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SUMMARY OF RESULTS 


Models 1, 2, and U had very similar flying characteristics. 

Models 1 and 2 had 53° sweephack and aspect ratios of 3 and 2, 
respectively, whereas model k had 63 ° sweephack and an aspect ratio 
of 2. The general flight behavior of these models was fairly good 
and compared favorably with that of good conventional models except 
for an unusual response of the model glide angle to elevator 
deflection. This characteristic, which is described in detail for 
model 1 , was objectionable to the f re e-flight-tunnel pilot although 
the models could be flown fairly easily once the trim conditions of 
airspeed and glide angle were established. NACA airplane test 
pilots have expressed an opinion that this unusxial response to the 
elevator control would be objectionable to the pilot of a full-scale 
airplane . 

The power-off glide angles of these models was very steep 
(about 30 ° at the stall) at high lift coefficients because of the 
sweephack and low aspect ratio of the models . These steep power-off 
glide angles, and consequent high sinking speeds, would probably 
constitute a major hazard. 

Made Is 3 and 5, which had 53° and 63 ° sweephack and aspect 
ratios of 1 and 2 / 3 , respectively, had similar unsatisfactory longi- 
tudinal stability and control characteristics which were caused by an 
excessive change in static longitudinal stability over the speed range. 

Models 5 to 9 had unsatisfactory flight behavior because of 
high-frequency, constant-amplitude, or unstable rolling oscillations 
at hl^ lift coefficients. In addition to the poor lateral stability 
characteristics, models 6 to 9 , which had sweephack angles of 76 ° 

83 ° and aspect ratios between 1 and I/ 6 , had static longitudinal 
instability at the stall. 
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TABU I.- StMHARI OF STIBILITT ARD COWROL CHARACTERISTICS OF THE BODEIS 


Plan form 

. Rang! 
of Cl 
flown 

6-0° 

Long! tiidi xml 
ohaxmetoriatioa 

Lataral 

oharaotariatioa 

/\ ^ : 53“ 

/ 1 \ As 3.00 

/ \ A • 0 

A. — 1 II 1 — 

0.20 

to 

o.ai 

0.97 

Good at apeoda ooveimd in 
flight taata. Foroo toata 
indioata atabilitj at tha 
atall 

Good at apaada oowarad in 
flight taata. Foroa taata 
indioata good bahoTior up 
to tba stall 

/X 

0.15 

to 

0.84 

1.00 

Good orar axxtira apaad ranga 

Good orar antira apaad ranga 

/ \ yi s 53“ 

3 I A ■ 1.00 

njJ ^ = 

0.21 

to 

0.83 

1.35 

UnaatiafaetoxT’ baoanaa of 
larga obanga in atatio 
atabilitj owar tha apaad 
ranga 

Stabilitj oharaotaristioa 
good at spaeda oorax*ad in 
flight taata. Control waak 
at lift ooaffioianta abora 
0.70 

’ /\ yi z 63“ 

/ 4 \ As 2.00 

A > = ° 

0.10 

to 

1.06 

1.27 

Good owar antira apaad ranga 

Good orar antira apaad ranga 


\ ^=63° 

U 

0.21 

to 

1.00 

1.45 

Unaatiafaotorj baoanaa of 
larga obanga in atatio 
atabilitj orar tba apaad 
range 

Good at lift ooaffioiaBta 
balow 0.75. Staadj rolling 
oaoillation at lowar apaada. 
Control waak at lift aaaffi- 
oianta abora 0.75. 


\ ^=*- 
> \ As 1.00 

lA ® 

0.23 

to 

0.50 

1.13 

Good at apaada oowarad in 
flight taoto. Foroa tasto 
show inatabilitj at tha atall 

Fhir at lift ooaffioianta 
balow 0.32. Staadj rolling 
oaoillation at lowar apaada. 
tJnfljabla at lift ooaffi- 
oianta abora 0.30 

1 

\ 

, As 0.33 

0.12 

to 

o.aB 

1.00 

Good at apaada oorarad in 
flight taata. Foroa taata 
ahow iMtabilitj at tha atall 

Fair at lift ooaffioianta 
balow 0.18. Staadj rolling 
oaoillation at lowar apaada. 
Unfljabla at lift ooaffi- 
oianta abora 0.28 

1 

\ A . S3^ 

8 A : 0.50 

fci A « 0 

0.07 

to 

0.28 

0.88 

Good at apaada eewarad in 
flight taata. Foroa taata 
ahow iwtabilitj at tha atall 

Fair at lift eoaffioiaaita 
balow 0.18. Staadj rolling 
oaoillation at lowar apaada. 
Unfljabla at lift aoaffi- 
aianta abora 0.28 


\ A, #3* 

„ As 0.17 

; A s 0.5 

0.12 

to 

0.20 

0.69 

Good at apaada oorarad in 
flight taata. Foroa taata 
ahow ixmtabilitj at tha atall 

Poor at lift ooaffioianta 
balow 0.17. Unfljabla at 
lift ooaffioianta abora 0.20 
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(a) Model 8. 



(b) Model 4. 


Figure 11.- Delta -wing models flying in the Langley free -flight tunnel. 
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Figure 12 tF/}9 sfobilify syj/<3ir? of axes. Arrows /ndicafe 
posiiira directions of moments, forces, and control- 
surface deflections. This system of axes /s defined as 
an orthogonal system having their origin at the 
center of gravity and m which the 7. -axis is m the 
plane of symmetry and perpendicular to the relative 
wind, the )(-axis is m the plane of symmetry and 
perpendicular to the Z - axis , and the V-axis is 
perpendicular to the plane of symmetry 


